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INTRODUCTION 
A laser pulse incident on a bulk medium produces a very 
complex ultrasonic field, which is often further complicated by 
phenomena such as mode conversion, surface waves and plate 
waves. The propagating ultrasonic wavefronts have been modelled 
using computer intensive techniques, but it was thought that a 
method of directly observing the ultrasound could give a much 
clearer understanding of how the field propagates through 
various media. 
This paper demonstrates that laser generated ultrasound 
has been directly observed in a solid (glass), a liquid (water) 
and a gas (air). The airborne and underwater ultrasound were 
visualized with a schlieren system, this utilises the 
compression and rarefaction of the longitudinal waves slightly 
changing the refractive index of the medium, which in turn 
slightly deflected a plane light beam. The ultrasound in the 
solid (glass) was visualized with a photoelastic system, this 
utilised the stress in the glass (caused by the ultrasound) 
rotating plane polarised light. By varying the delay of the 
light source after the laser pulse, it has been shown that the 
propagation of the ultrasonic field can be observed. 
VISUALIZING ULTRASOUND BY THE PHOTO ELASTIC TECHNIQUE 
Consider light propagating as in figure 1. Randomly 
polarised light (from an LED) passes from the left through a 
plane polariser (a sheet of polaroid film) and produces 
linearly polarised light at A. If the sample (made from an 
optically transparent, isotropic material, such as glass) is 
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Fig. 1 The physics of visualising ultrasound using 
a photoelastic system. 
stressed by an ultrasonic wave, then this causes it to become 
optically birefringent. 
Thus light that has passed through the sample (unless the 
stress is exactly parallel or perpendicular to the direction of 
polarisation of the light) will have a component that can pass 
through the analyzer, and be imaged. Thus the ultrasonic field 
in the sample can be imaged. If a stroboscopic light source is 
used, and the time delay between the light source and the laser 
pulse is varied, then the progression of the ultrasonic field 
can be followed. Because the apparatus has maximum sensitivity 
to stresses at 45° to the light polarisation direction (and is 
insensitive to stresses either parallel or perpendicular to the 
light), two images are usually taken, with the polaroids 
rotated 45° for the second image. 
THE SCHLIEREN METHOD FOR VISUALIZING ULTRASOUND 
Consider figure 2 where a plane optical wavefront is 
travelling from left to right. An ultrasonic wave propagating 
through an optically transparent media will cause a variation 
in refractive index (because of the compression and rarefaction 
of the sound wave). This will, by both refraction and 
diffraction, slightly deflect the path of the light beam 
passing through it. 
Consider now figure 3, the wavefront (from figure 2) is 
focused down to a point where a knife edge is placed. The light 
that has been deflected by the ultrasound misses the knife edge 
and is subsequently imaged. As the light has originated from 
deflection by the ultrasonic wave, it will form an image 
representing the ultrasonic field. As with the photoelastic 
system, varying the time delay between the light source and the 
laser enables the progression of the ultrasonic field to be 
observed. 
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Fig. 2 Deflection of a plane optical wavefront by 
an ultrasonic field. 
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Fig.3 Imaging of the deflected light in the 
schlieren system. 
EXPERIMENTAL APPARATUS 
Photoelastic System 
This is shown in figure 4. The light source was focused to 
maximise the amount of light reaching the camera. The light 
source consists of a Stanley hi-super-bright 650nm LED, with a 
plane faced, clear epoxy case. This is then focused with a 
short focal length lens, originally designed for C.D. players. 
An LED was chosen for the light source as it can give a bright, 
short pulse of visible light, at repetition rates of up to 
2KHz. It was pulsed using short, high current pulses from a 
MOSFET. 
The optical system used large glass lenses (15cm diameter) 
to collimate, and then re-focus the light. The polariser and 
analyzer were placed inside the two large lenses, as the 
stresses within the glass of the lenses would be much greater 
than the stresses caused by the ultrasound, and would therefore 
swamp any signal. The Nd:YAG laser (the ultrasound source) was 
focused with a microscope objective lens on to the surface of 
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Fig.4 Experimental configuration for visualisation 
of laser generated ultrasound in glass using the 
photoelastic method. 
the glass to form a plasma source, this had to be done, 
otherwise the 1.06um light would have simply passed through the 
glass block. 
Schlieren System 
This is shown in figure 5. The light source (the same as 
is used in the photoelastic system) is placed at the focal 
point of the first of two spherical mirrors (20' focal length, 
12" diameter). After reflection from the first mirror, the 
light from the LED produces a plane wavefront which passes 
through the test medium. The beam is then is focused with the 
second mirror to a point, where a knife edge is placed. Beyond 
the knife edge, the light deflected by the ultrasound is imaged 
on to a camera (video or film). 
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Fig.5 Experimental configuration for visualisation 
of ultrasound using the schlieren method. 
The plane mirrors were used to fold the 20' long 
convergent and divergent beams beam up into available 
laboratory space. This arrangement had the added advantage that 
having the source and imaging optics in close proximity to each 
other, the system alignment was made a lot easier. 
RESULTS AND DISCUSSION 
Ultrasonic images obtained from the two systems 
(photoelastic and schlieren) are shown in figures 6 to 9. 
Figure 6 shows an image obtained with the photoelastic 
system. The laser is focused on to the glass block on the left 
hand side, the bright patch, close to where the laser is 
incident on to the sample, is caused by light from the laser. A 
shear wave can be clearly seen propagating away from the 
source, this is reflected at the upper surface of the glass. A 
reflected longitudinal wave is also visible. The bright lines 
at the top centre of the picture are due to imperfections in 
the glass. This photo was exposed for 45 minutes. 
Figures 7 and 8 show the ultrasonic field produced by a pulsed 
laser striking a thin steel plate, 1.0mm thick, in water. 
Figure 7 has a delay of 5~s, and figure 8 has a delay of 20~s. 
Fig. 6 laser generated ultrasound in a glass 
block. 
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Fig.7 Immersion laser 
generated ultrasound, 5~s 
delay. 
Fig.8 Immersion laser 
generated ultrasound, 
20~s delay. 
Figure 7 shows hemispherical waves, as well as re-radiated 
lamb waves. 
In figure 8, ultrasound from multiple reflections within 
the steel thickness can be seen, as well as re-radiated Lamb 
waves, and spherical waves. 
Figure 9 shows the airborne wave produced by a laser 
striking a steel bar in air. The hemispherical ultrasonic pulse 
is clearly visible. The schlieren photographs were all exposed 
for 308. 
CONCLUSIONS 
It has been shown that laser generated ultrasound has been 
successfully visualized in a solid (glass), a liquid (water), 
and a gas (air). 
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Fig.9 Airborne ultrasonic 
wave. 
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